=

$£32% F9H ol.32 No.



2% e

" (SHENGTAI XUEBAO)
IR S RO ERNEFEIH 202 5AH (FAT)
H X

AR R BRI F T A0 £ 5 R RIRS4 0 2 5 A u%ﬂﬁéﬁﬁﬂi@ﬁﬂ ---------------------

....................................................................................... ¥ F, W, EE =, % (2629)
AT D HFEF ) A DB RR M#ﬁ#@%ﬁ%ikiﬁmlﬁéﬁu’ LORAA R ﬁ/ﬁﬁé i%’ré\, I x 7,5 (2640)
gf;m%ai—\ﬁﬁ@ﬁﬁﬁ%ﬂi%ﬁ ............................................. ETM, FEE MK F,% (2651)
W mﬁ&%%ﬁ%ﬁﬁ%&ﬁAzﬁﬁ%$$%%% VAIL TR ] o eeermnnneeennnnneeeninineeeannen

....................................................................................... flore, ERR, 2 4F, % (2659)
TR R ZHREEGBAS LR HE B T B SR e Fx% HE A (2670)
fi}’(@—]Bi&"‘ﬁf)’(i%’;iifi*}%fﬁ%ﬁ.ﬁﬁ/‘gf%}ufi .................................... 7K Lb% ﬁ}i]j@/#,ﬁléﬁ:Q,% (2681)
AL ER R RRESES LGRS %%5&11}7 ....................................... e KA H (2692)
fkfi%glﬁ%%m&%mﬁif‘%%ﬂ&%‘% BIFAE eoerernereien X5, F2EFE AR (2699)
TR R L TARMENAS MBI AR VAR DN Y B A AR e

....................................................................................... % WL, EFHE BEE,%E (2707)
AR AT A KR AR S R AN E et Ao R A e Y, EA, ¥, % (2720)
SR Sy A Koy 0 TR0 W, R, E AR, (2729)
B ) W Bt A R ARG T B T AEAE e vvveneeerie e Bk, EH/H,E N %E (2738)
*&%_‘f-_ﬁ__ﬂ‘%}‘éﬁéﬂ;}@;ﬁ}ﬁiﬁﬂ(ﬁgﬁr,fi .................................... KEHT - AL KRTT,% (2748)
LIS I A R IR A B PR AT AR e RIEH BT, R BB, F (2759)
EixC ﬁéﬂl)\ﬁ/ﬁb*\klﬁiiﬁu}ﬁgﬁ GHE] e M BFHEE, KEW,ZE (2768)

WS MR T AR iﬁgmﬂﬁﬁkiﬁﬁ%ﬁz%wv ---------- HAm)ﬁmﬁﬂﬁﬂ(nm)

LR R B R B B A e FTARE, E/NH ETRE, % (2788)
REF T 2 B G0 P3G SR AT 4G L B S BRI A AL e A% (2796)
YR E e A IR AR B AT 2 R G A D G TGl e et Zx j@,qu E: (2810)
iﬁkﬂiﬁﬂk#&%f\lﬂ%‘aﬂii%‘?fﬁii%ﬁéﬁ@;i&%ﬂ)ﬂ --------------------- B, S BRR, WOR AR, % (2819)
LB G R R AR KA LA AW BEEAFAE v jéﬁfl:fl: ket B F A, E (2827)
4%,_}7?\ :u;,—\ij‘ﬁi)‘ﬁfféiﬂrﬁiig'ﬁ \jﬁﬁﬁf(‘%‘/%’fhxi%ﬁﬁg/;“ ................ )% é%@’}%jﬁ‘}%,% (2837)
T EEEACES SIS PSS SR L XL 1 R BRI AL EMEL % (2847)
FEAFIE W 5 AR 7, 4E ﬁ/@;}k%&/\]ﬂ—;};-‘f-ﬁ—_%im@ 3:_7]:}1 gﬁui%ﬁ*}bz}i@éﬁ%}" ............................

....... e REER TR R (2855)
S AR R I W R R A | P2 T XNE B R R, % (2863)
2009 NG K G & AFFBEH RBERIBAEIT ooeeeeennes KN, i, B4k, £ (2872)
R F 3R B AT R BT rE 3 0 Al 2 T P e A OB, E R, 4 (2883)
PN TEB T EE SRS SR s T ) SRR ®OBBEMEHE % (2890)
EFR 5%k

H T AR B N R R T e veerrnnerrrnnereninrriianaiaans FoOM L EAERE Ak 2% (2900)

31} _fﬁi/\% BT AR BRI e I, REE, TR, F (2910)
o) 1 i
;-&?E% B L B S #® X, EXE, T OE,% (2918)
HRE
AMRARENIBP R EREZTE AN T FRERGL R oo BARR stk MK 2%, % (2929)
EAEIT E RARTE LR A M BE OGP0 coevreenee e g XoLE,FHIHH (2936)
X B 2F SR RANAZH M H TR 69 £ K AR R A LG Hrhy e Fhif, ZHANT , RAF, % (2943)
Tﬂi&mmﬁﬁﬁf&ﬁiﬁ%.zﬂkiéﬁ A R X M, T HRI, EFIE, % (2953)
B R N D=8 b = ) i) VA Y./ BV 1 N A Y S O Wzl K EHE KR (2960)

ﬂ;ﬁTrll%zI:% :CN 11-2031/Q * 1981 s m * 16 * 336 * zh * P x ¥70.00 * 1510 * 36 * 2012-05

EEECEEECEECEEECEEECEE

HEER . Efi@ﬂﬂ"]ﬂﬂi&ﬁﬁﬁﬂﬁﬁ@ﬁ}%,ﬂﬁiﬁ%iﬁ 250 FhZ 2 op A b B REACA 9 Bl BR P A — L ffy
ﬁl‘,/ﬁJL%é(E)ﬂJﬁIﬁﬁ UL/ N 1 B RO AR TEMEVESR 0, MEVERE &, AR AR IR 2208 K W B,
TR, %ﬁi(ﬁf{gﬁ\ P EATEY) b s faﬁﬂﬁﬁﬁﬁﬁé’lmiio EPNG Ry Wy % <1
SRR, T RE IR, E LR MO, BELRTE PG, 1 RIS LA | SR AE SRS |
BHAELENY \ﬁfh\ﬁl‘ﬁﬂﬁ‘%féﬂﬂo

FERM, BEFEEER LMol K2%  E-mail; cites. chenjw@ 163. com



5532 % 9 1 S = & il Vol. 32,No. 9
2012 4F5 H ACTA ECOLOGICA SINICA May,2012

DOI: 10.5846/stxb201104010429
ZRAEF M. TR X R SR B A IR AL P 81 b FEBE S AN MY B S A AR, 2012,32(9) :2670-2680.
Li X L, Lin H L. Cellular automata simulation of barren patch connectivity effect in degradation sequence on alpine meadow in the source region of the

Yangtze and Yellow rivers, Qinghai-Tibetan Plateau, China. Acta Ecologica Sinica,2012,32(9) :2670-2680.

LHREXSEERRALFT L“FTH”
& 18 A 1Y 7 e B B LR

A RERS
(R AR RS E R E SR, M R R B 22 B, 220 730020)

TR ¢ v JE R R R TR e R A R B T BR A 2 AE , W U IR P 1) b 3 I s AL R i s R R AL B
JrRU IS — o SR SR AS & T A SV J7 i, %0 8 € R AR AL P 91 b TR BERS SR sl A EA T TR, SR Ak
FP 9 b S BB i 25 0 25 P i ek i Sr 1 e 2 R ) o ) AR AR B 2R A 5 A S P ) e TS TR T 1Y TR R A )
iK93.9% . G RS A AR B T R BT, FE B AR 0 3 S B B AR 5 0—2 4F (BRI —EF 2—7 4R
AN AT I 55 7—9 4F ; S R TR BRI AR | e TS R T AR 575 BRE G TR AR L P BR AR e e 2 el B A 55 2 1) A8 el e 3 5 o
R SR 32 00 AN T30 A RO 4 e 2 2 S R SR R RE AT LU T, 5 T 23 (A 54. 5% 775 BRERE T8 1) i R o B o ¢ 1
B R A RTINS S e M AL A AN RIS B TR B R A8 T P 3 0 R M o e E A LR S
BG4 WU S OB AR I PR BRI

SRR VLIURIX 5 o FE B ) 5 TS BRE ; JUHE A ShIL s B4 5 e I

Cellular automata simulation of barren patch connectivity effect in degradation
sequence on alpine meadow in the source region of the Yangtze and Yellow

rivers, Qinghai-Tibetan Plateau, China
LI Xueling, LIN Huilong "

State Key Laboratory of Grassland Agro-ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou, Gansu Province

730020, China

Abstract; The source region of Yangtze River and Yellow River plays an important role in the carbon source/sink cycle and
is a focal point for ecological environment management; however, it is also one of China’s most vulnerable ecological
systems. This vulnerability is due to human and livestock population expansion; large area of alpine meadow are
experiencing overgrazing and climate change, with barren patches developing and connecting with each other. Barren
patches develop in a range of sizes and shapes, presenting an infertile “black soil” type landscape in the final stage of
grassland degradation. The driving mechanisms of alpine meadow degradation are complex and remain controversial, making
it difficult to determine individual causes of degradation and to take effective measures to counter them. Thus, this
investigation employed “black box” theory to avoid these uncertain elements in its examination of spatial patterns and
temporal evolution in barren patches. This investigation aimed to clarify the role barren patch evolution and connectivity
plays in alpine meadow degradation, providing an increased understanding of alpine meadow ecosystems as the basis for

ecological maintenance, restoration and management.
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A simulation method of complexity science, cellular automata, was used to model the development of barren patches in
this study. The initial iteration data for the model were obtained from observations of moderately degraded meadows with the
lowest barren patch percentage, and were used to draw a matrix in which each cell was represented as either 0 or 1; 0
representing a cell where vegetation cover was lower than 50% and 1 representing cells where vegetation cover was over
50% . Based on field observations of barren patch percentage and landscape structure, including the experience of local
herdsman whose livelihoods are inextricably linked to the grassland, the simulation time step was set to one year per
iteration. Further field observations of barren patch evolution and other features of their spatial distribution at different
stages of degradation were used to define the rules of the model, and Matlab 7.0 was used as a platform for simulation. Cell
neighborhoods were defined as the Moore type and cellular space was treated according to the reflective boundary rule.
Using this combination of field research techniques and cellular automata simulation, realistic developmental graphs
modeling the connectivity of barren patches from the initial degradation stage to the collapse of the alpine meadow system
were established. The goodness of fit for the simulation analyses averaged 93.9% . Results further indicated that in the
degradation sequence, there were three defined degradation stages: a low-speed connectivity stage from O to 2 years, a jump
stage from 2 to 7 years and an irreversible connectivity stage from 7 to 9 years. Additionally, a sudden change was found to
occur at the beginning of each stage, identifying a threshold characteristic in the process of barren patch connectivity.
Through comparative analysis of the performances of grassland ecology and restoration between the jump stage and the
irreversible connectivity stage, the connectivity threshold was calculated at 54. 5% as a protection index of the alpine
meadow. The irreversibility of ecological harm associated with large barren patches highlights the importance of determining

and using the connectivity threshold to identify and determine priority sites for restoration.

Key Words: source region of Yangtze River and Yellow River; alpine meadow; barren patch; cellular automata;

simulation; connectivity threshold
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Table 1 The conditions of representative alpine meadow quadrats
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Fig.3 Dynamic modeling graphs of barren patches connectivity in degradation sequence on alpine meadow
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Table 2 The comparison of barren patch percentages at different degradations

B TR L AL T
Degradation level Moderate degradation Heavy degradation Extreme degradation
THARAE R
] - 0 1 2 3 4 5 6 7 8 9
Developmental years

TR/ % A Simulated value 16.9 23.6 29.5 36.2 42.4 48.5 54.5 60.8 66.3 71.7
Barren patch S R{E Observed value 20.8 37.2 68.9
Percentage W4 Goodness of fit 88.1 97.3 96.2
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